We employ a non-parametric methodology, Data Envelopment Analysis, to estimate efficiency scores for Portuguese public universities for 2001. Due to the tertiary education organisational features we consider universities as well as faculties and institutes as decision entities. Using frontier analysis we are able to separate universities/faculties/institutes that might qualify, as "performing well" from those were some improvement might increase its efficiency. This is a first effort of checking efficiency and productivity in Portuguese public tertiary education using nonparametric analysis.
Introduction
As Blanchard (2004) points out, good performance in higher education is expected to produce positive growth effects, and tertiary education in many European countries still lags behind the level achieved in other developed economies. On the other end, there is the overall idea, alleged by some academic work and held in reports from international organisations, that the public sector remains inefficient in most European countries. These two factors seem sufficient motivation to address the issue of the efficiency of public tertiary expenditure in Portugal.
The proper measurement of public sector performance, particularly when it concerns services provision, is a delicate empirical issue and the related literature, principally when it comes to aggregate data, is still limited. This measurement issue is here considered in terms of efficiency measures comparing public resources -total expenditures, dimension of staff -used by Portuguese public universities, and straightforward measure and/or indicator of the universities' output, typically the number of students enrolled, both taking into consideration undergraduate and postgraduate students. To our knowledge no similar previous study exists for this specific universe. Furthermore, we are only aware of related papers by Coelli (1996) for Australian universities and by Førsund and Kalhagen (1999) for regional colleges in Norway. This paper contributes to the literature by analysing the efficiency of resources used by Portuguese public universities to provide their services. With the use of frontier analysis we focus on how close public universities are to operating on the efficiency frontier. We study public expenditure efficiency of Portuguese universities in 2001 by applying a non-parametric methodology, Data Envelopment Analysis (DEA), to a set of 45 public universities/faculties/institutes and also to a sub-set of 36 faculties/institutes.
The remainder of the paper is organised as follows. Section 2 presents some stylised facts concerning tertiary spending in Portugal. Section 3 briefly addresses the DEA methodology. Section 4 explains the data and discusses the empirical results of the efficiency analysis, while section 5 concludes this study.
Stylised facts on public tertiary education in Portugal
The tertiary education sector in Portugal has traditionally been a public one. Only in the last decade privately run universities started to provide a more consistent alternative thereby increasing the offer of available places for students in the tertiary education level. Nevertheless, and since data regarding private tertiary education institutions, namely concerning total expenditures, are not easy to come across from a unified source, we will only address the public segment (by far the larger) of the tertiary education sector.
Portuguese tertiary public sector includes both Universities and the so-called "Institutos Politécnicos." While the Politécnicos have been more oriented to 3-year courses, Universities offer 4 or 5-year graduate courses, and they are also entitled to give Masters and PhD courses. 4 Again, in our analysis, only Universities will be used, and we allow for some sensitivity analysis of the results taking account of both graduation and postgraduation students in the calculations.
Additionally, there are also tertiary education courses provided by military institutions and by the Portuguese Catholic University. Given the particularities of such institutions, data availability, and also in order to keep the sample as homogeneous as possible, those institutions are not included in the sample. Figure 1 ).
Moreover, and in what concerns postgraduate students, our sample covers around 86
per cent of total masters students in 2001.
Between 1997 and 2001, the overall number of graduation students in the tertiary education level increased 13.9 per cent (see Figure 1) , roughly 3.3 per cent per year.
This implies overall increases in the 1997-01 period of 10.4 per cent in the public universities and of 60.5 per cent in the public "Politécnicos". There were opposite changes in the number of students over that period in private and co-operative universities, -9,9 per cent, in the Portuguese Catholic University, -4.8 per cent, and in the other private and co-operative institutions, -6.3 per cent. In terms of comparison within the EU, the proportion of students enrolled in tertiary education in Portugal, as percentage of all pupils and students, 17 per cent, was above the EU average in 1999/2000, 15 per cent (see Figure 2) . Indeed, and accompanying the overall trend in the EU, the number of students in tertiary education more than doubled over the last 25 years. 6 More precisely in Portugal, over four times as many students were enrolled in 1999/2000 as in 1975/76, making it the country with the greatest growth in the EU. However, if one considers, for instance, the percentage of population between 30 and 34 years, that hold a tertiary education qualification in 2000, this percentage was only 11.3 per cent in Portugal, well below the 24.6 per cent in the EU15 (see Figure 3 ). 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 Another interesting point to make concerning the structure of public universities' teachers is the fact there are too few full professors and too many assistant professors (see Figure 5 ). 
Analytical methodology
We use a non-parametric method that allows the estimation of efficiency frontiers and efficiency losses -Data Envelopment Analysis (DEA). This method was originally developed and applied to firms that convert inputs into outputs. Coelli, Rao and Battese (1998) and Sengupta (2000) introduce the reader to this literature and describe several applications.
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The term "firm", sometimes replaced by the more encompassing Decision Making Unit (henceforth DMUs), the term coined by Charnes et al. (1978) , may include nonprofit or public organisations, such as hospitals, universities or local authorities. For instance, De Borger and Kerstens (1996) analyse the efficiency of Belgian local governments.
On related work, Gupta and Verhoeven (2001) use FDH analysis to measure the efficiency of government expenditure on education and health in a set of countries in Africa. Clements (2002) assessed the efficiency of education spending in the European Union. St. Aubyn (2002) reports results of FDH analysis applied to 7 An possible alternative non-parametric method would be Free Disposable Hull analysis (FDH). Deprins, Simar, and Tulkens (1984) first proposed the FDH analysis, which relaxes the convexity assumption maintained by the DEA model. For an overview of the FDH analysis see for instance Tulkens (1993 The general relationship that we expect to test, regarding efficiency in tertiary education, can be given by the following function for university i:
where we have Y i -set of indicators reflecting education output; X i -spending on university i, either per student or in some other measure; Z i -control variables, both quantitative and socio-economic education related variables.
Data Envelopment Analysis, originating from Farrell's (1957) seminal work and popularised by Charnes, Cooper and Rhodes (1978) , assumes the existence of a convex production frontier, a hypothesis that is not required for instance in the FDH approach. The production frontier in the DEA approach is constructed using linear programming methods. The terminology "envelopment" stems out from the fact that the production frontier envelops the set of observations.
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In this sub-section we illustrate the DEA framework with the calculation of technical efficiency measures by using an input-oriented example. The purpose of an inputoriented example is to study by how much input quantities can be proportionally reduced without changing the output quantities produced.
Alternatively, and by computing output-oriented measures, one could also try to assess how much output quantities can be proportionally increased without changing the input quantities used. The two measures provide the same results under constant returns to scale but give different values under variable returns to scale. Nevertheless, and since the computation uses linear programming, not subject to statistical problems such as simultaneous equation bias and specification errors, both output and inputoriented models will identify the same set of efficient/inefficient producers or DMUs.
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The analytical description of the linear programming problem to be solved, in the constant-returns to scale hypothesis, is sketched below. Suppose there are k inputs and m outputs for n DMUs. For the i-th DMU, y i is the column vector of the inputs and x i is the column vector of the outputs. We can also define X as the (k´n) input matrix and Y as the (m´n) output matrix. The DEA model is then specified with the following mathematical programming problem, for a given i-th DMU:
In problem (2), q is a scalar (that satisfies q £ 1), more specifically it is the efficiency score that measures technical efficiency. It measures the distance between a university and the efficiency frontier, defined as a linear combination of best practice observations. With q<1, the university is inside the frontier (i.e. it is inefficient), while q=1 implies that the university is on the frontier (i.e. it is efficient).
The vector l is a (n´1) vector of constants that measures the weights used to compute the location of an inefficient DMU if it were to become efficient. The inefficient DMU would be projected on the production frontier as a linear combination of those weights, related to the peers of the inefficient DMU. The peers are other DMUs that are more efficient and therefore are used as references for the inefficient DMU. 1 n is a n-dimensional vector of ones. The restriction 1 ' 1 = l n imposes convexity of the frontier, accounting for variable returns to scale. Dropping this restriction would amount to admit that returns to scale were constant. Notice that problem (2) has to be solved for each of the n DMUs in order to obtain the n efficiency scores.
We use an example with five universities that teach courses to students by using two inputs: the number of teachers and the value of spending used. The universities produce a single output, the number of students enrolled. We adopt in our example an input-oriented method because we assume that management and economic decisionmakers have more control over inputs than over outputs. Table 1 reports the data used for the example. Assuming, for instance, constant-returns to scale (CRS) we can plot the DEA frontier on a two-dimensional diagram, using the input/output ratios in the axis, as in Figure 7 .
Notice that the DEA frontier actually envelops all the available data points. All points that lie on the frontier are efficient while all points that lie within the frontier are inefficient. The technical efficiency of a university is measured along a ray from the origin, O, to the point that represents that university in the diagram. 11 For instance, the efficiency of say university C is the ratio of the distance from the origin, point O, to point Cf (on the frontier), over the distance from the origin to point C. In other words the efficiency of university C is given by OCf/OC=0.727. Therefore, university C should be able to proportionally reduce the consumption of all inputs by 27.3% without reducing output. This would imply production at point Cf in Figure 7 .
Observe that the projected point Cf on the DEA frontier is located in the segment of the frontier that connects universities B and D. In the literature these two universities would be referred as the peers of university C since they give the efficient production for university C. Indeed, point Cf is a linear combination of points B and D and, as we 11 As proposed by Farrell (1957) , technical efficiency is one of the two components of total economic efficiency, also referred to as X-efficiency. The second component is allocative efficiency and they are put together in the overall efficiency relation: economic efficiency = technical efficiency ´ allocative efficiency (see Coelli et al. (1998) and Thanassoulis (2001) for details). A DMU is technically efficient if it is able to obtain maximum output from a set of given inputs (output-oriented) or is capable to minimise inputs to produce the same level of output (input-oriented measures). On the other hand allocative efficiency reflects the DMUs ability to use the inputs in optimal proportions. already mentioned, the weights are obtained from solving the linear programming problem (2) for university C. 
Returning to the case of inefficient university C, we can now more precisely determine the changes in the use of inputs that would be necessary for this university to become efficient and to be located on the DEA frontier. Table 3 summarises the results for our university C, and also reports the radial movements in terms of reduction in the inputs. Data limitations prevented us from using such performance (output) measures as graduation rate. Additionally, course specifically related data also proved rather difficult to collect. As it stands, we used as a measure of output the number of students enrolled in 2001, taking into account both graduate and postgraduate students. For our inputs we selected, and again due to data constraints, total spending (as reported in the 2001 Annual State General Account) and the total number of teachers, again for 2001. This basically means that we performed our DEA analysis in a two-input one-output framework. Additionally, one may mention that our selected input and output measures are rather similar to the ones used by Coelli (1996) for the Australian Universities case. An immediate caveat relates to the fact that some degree of correlation cannot be avoided among the inputs used.
DEA results of efficiency analysis
In Table 4 we present the DEA variable-returns-to-scale technical efficiency results using a two-input one-output framework. We use a financial input, total expenditures in 2001, and a quantitatively measured input, the number of teachers in 2001.
Additionally, and as a measure of comparison, we also present the constant returns to scale results. Since graduation courses and the related number of students play a different role among the several universities, we also tried to take that information into account in our computations. Therefore, alternative results are also presented in Table 4 , where we include both graduate and postgraduate students (only Masters' courses).
The results show that using graduate students as the quantitative output measure, the efficient frontier is defined by five Institutes/Faculties: UNL-ISEGI, UP-FCNA, UTL-FMV, UTL-FMH, and ISCTE. Considering both graduate and postgraduate students, one of the institutes is dropped from the efficient frontier.
Taking into account only the graduate students, Table 4 also shows that input efficiency scores start at 0.019 (UMI) and output efficiency scores at 0.023 (UA).
Overall, average input efficiency is around 0.34 implying that on average the faculties/institutes/universities in our sample might be able to achieve the same level of performance (i.e. have the same number of students) using only 34 per cent of the resources that they were using. In other words, there seems to be a "waste" of input resources of around 66 per cent on average. These values are similar if one considers both graduate and postgraduate students.
The scope for input efficiency improvement is quite large since for some universities the input efficiency score is quite below the average score (for instance, UA, UAV, UC-FCT, UL-FC, UMI, UNL-FCT, UP-FE, and UTL-IST). Nevertheless, one has to be careful when assessing these results since we are only measuring efficiency by using the number of students as the final output. Additional measures of efficiency, besides quantitative output measures, would imply using qualitative variables such as graduation rates and/or average grades per faculty. Unfortunately these data are not available from unified sources or from the universities themselves for that matter.
The average output efficiency score, for instance for graduation students, implies that with given public expenditures, output efficiency is 56 percent (or 44 percent less) of what it could be if the faculties/institutes/universities were on the production possibility frontier (and more if the DMUs on the production possibility frontier also have scope for expenditure savings). As already mentioned, we should have DMUs as homogeneous as possible. This is clearly not the case since so far we are using aggregate data for some Universities in some cases and we also use data on a Faculty basis. Therefore, in a second step, we excluded 9 DMUs from our data sample, the ones were only aggregated data is available, leaving us now with 36 units. We report the results for this smaller and more homogeneous data set in Table 5 taking into account only the graduate students and both the graduate and postgraduate students (again, only Masters courses).
With this smaller sample the efficient frontier is now defined by four Institutes/Faculties when only graduate students are used: UNL-ISEGI, UP-FCNA, UTL-FMV, and UTL-FMH, with ISCTE being absent from the sample altogether.
When both graduate and postgraduate students are taken into account, three
Institutes/Faculties only define the efficient frontier: UP-FCNA, UTL-FMV, and UTL-FMH. Now input efficiency scores start at 0.038 (UTL-IST) and output efficiency scores at 0.028 (UC-FCT). This picture does not change when postgraduate students are taken into account.
The ranking of the Faculties/Institutes also remains rather stable either using only graduate or both graduate and postgraduate students. Nevertheless, perhaps one could mention that UNL-FCM increases its input efficiency ranking by five places and that UNL-ISEGI also drops five places in terms of the input efficiency ranking (the decline is much higher in the output efficiency ranking).
The overage input and output efficiency scores are now a little higher than when the aggregated universities data were used. Still, average input efficiency is around 0.374 implying that on average the faculties/institutes in the sample might be able to achieve a similar level of performance using only 37.4 per cent of the resources that they were using. Again, there seems to be a significant amount of "wasted" input resources of around 62.6 per cent on average.
Further sub-group analysis
Due to the already mentioned limitations of the available data, and in order to achieve a more homogeneous data set, we excluded from the last sample of 36 DMUs (used in Table 5 ) the Faculties that were quite far from the mean values in terms of per student ratios. For instance, while for the aforementioned sample there was in 2001 an average of 9.5 teachers per 100 students, some faculties had rather different (lower) numbers. Therefore, we excluded those faculties where this ratio was at least 50 per cent higher than the average value. This procedure led us to identify, and detach from the sample, seven faculties where the teachers per 100 students ratio ranged from 14.5
(UP-FMD) to 33.2 (UNL-FCM). In other words, those seven faculties had a studentsto-teachers ratio between 3 (UNL-FCM) and 7 (UP-FMD) while the average in the entire sample was around 11 students per teacher.
The analysis of the smaller group of seven faculties, excluded from the main sample, it is possible to see that it is composed of the entire sub-sample of medical faculties In Table 6 we report the results of the DEA analysis for the sub-sample of 29
Faculties/Institutes, considering graduate and postgraduate students together, and where the medical faculties are now excluded. From the results of Table 6 , one can conclude that the efficient DMUs are now two:
UP-FCNA and UTL-FMH. Indeed, UP-FCNA had a ratio of spending to students quite below the average, even if its ratio of teachers per 100 students was slightly above average. On the other hand, UTL-FMH had an average teachers-to-100 students ratio and exhibited below average spending per student. Additionally, input efficiency is rather similar to the results reported in Tables 4 and 5 .
Taking advantage of the smaller sub-sample of seven medical faculties/institutes, we performed a similar DEA analysis for those DMUs, and the results are presented in Table 7 . From Table 7 it is possible to conclude that the efficient medical DMUs are UP-FMD and UTL-FMD. Those two DMUs had in 2001 the two lowest teachers per 100 students ratios (conversely the two highest students-to-teachers ratios). Moreover, while UP-FMD is the peer for all the other five faculties outside the production possibility frontier. Interestingly, one may also notice that now input efficiency is higher, and around 58.7 per cent, for this sub-sample of faculties/institutes, giving a measure of a smaller degree of overall "wasted" inputs than before. This implies that, as mentioned previously, more detailed data would be welcomed in order to better characterise the distinctiveness of each faculty due to the fact that their courses might be quite diverse.
Nevertheless, the result for the medical faculties/institutes sub-sample has to be seen with some caution, since we used a quite small number of DMUs, seven, and three variables has output and inputs. See footnote 14 about the risk of having fewer degrees of freedom in the context of DEA analysis. Furthermore, this constraint prevented us from performing similar analysis for say Law faculties (three in the sample) or Economics faculties (three in the sample).
Finally, we summarise in Table 8 the main findings of our non-parametric analysis, performed for the various sub-samples of Universities/Faculties/ Institutes. 
Conclusion
The results from our empirical work in evaluating efficiency in Portuguese public universities allowed us to compute efficiency scores for each Faculty/Institute in producing tertiary education, including estimates of efficiency losses, and to construct rankings of the Faculties/Institutes, including therefore the identification of the most efficient cases.
The efficient DMUs are located across Universities and across courses. Considering graduates students as the quantitative output measure, input efficiency is around 0.34 implying that on average the faculties/institutes/universities in our sample might be able to achieve the same level of performance using only 34 per cent of the resources that they were using. In other words, there seems to be a "waste" of input resources of around 66 per cent on average. Efficiency scores increase (input efficiency is around 37.4 per cent) when both graduate and postgraduate students are used as the output measure. Similarly, dropping from our sample the Universities were we only have aggregate data (and no information by Faculty/Institute) also increases the efficiency scores.
The results with a more homogeneous sub-group of faculties, excluding DMUs with spending and/or teachers' ratios very different from the average (i. e. medical faculties), produced similar results, even if some changes occurred in the ordering.
Additionally, results were also reported for the seven medical faculties sub-sample, with UP-FMD, UTL-FMD coming out as the efficient DMUs, and with an overall input efficiency of 58.7 per cent.
Again and as previously mentioned, our results must be seen as a first attempt to assess the efficiency of public tertiary education expenditure in Portugal, and the conclusions drawn upon those results must be read with care. A richer dataset, comprising the performance of students, and also the possibility of using other Universities' outputs, such as research activities, would be an important improvement for this analysis. Furthermore, one has to be aware that simply putting more money into a promising activity, i.e. tertiary education, does not necessarily improve output quality proportionally. Nevertheless, we did not address in this paper schooling quality as an output, since such homogeneous data is not publicly available and it proved rather difficult to gather for a sufficient number of Universities.
